INTRODUCTION
Giant cell arteritis (GCA) is the most common form of vasculitis in the UK, with an incidence of 2.2 cases/10 000 person-years in those over 40. 1 Presenting features include headache, scalp tenderness and visual loss. The exact rate of aortic involvement is disputed, but retrospective reviews suggest incidence rates of aortic aneurysm (AA) of 18.7-18.9/1000 person-years. 23 Screening studies using chest radiography and abdominal ultrasonography, followed by CT where indicated, demonstrate significant aortic dilatation in 22.2% by 5 years, 4 while a study of complicated GCA (those with persistent inflammatory markers, arm claudication or suspicion of AA after an average of 37 months of immunosuppressant treatment) found 3/15 patients to have a thoracic AA (TAA), and 12/15 patients thickening of the aortic wall ≥4 mm on MRI. These screening studies did not include controls. A retrospective Canadian population cohort study reported lower rates of aneurysm development at 1/1000 person-years for patients with GCA versus 0.3/1000 person-years in controls, with an adjusted HR (95% CI) of 3.2 (1.0 to 10.1). 5 One unmatched population study demonstrated that patients with GCA were 17 times more likely to have a TAA and 2.4 times more likely to have an abdominal AA (AAA) than the normal population 6 ; however, the ascertainment of the outcome of AA was different in the two groups in this study. A meta-analysis of patients with GCA estimated that, in cohorts without systematic imaging, 2-8% developed TAA, 7 with the authors highlighting the limited data on age-matched controls. Guidelines from the British Society of Rheumatology 8 and the European League Against Rheumatism 9 have highlighted the need for further research.
In the general population, the prevalence of AAA has been decreasing, from 5 -10% of men aged 65-79 10 down to 1.7%, secondary to a reduction in smoking. 11 There is a balance between the 5% and 6% mortality with elective repair, 12 and the 80% mortality for those with emergency rupture. 13 AAA screening delivers a relative risk reduction of 30% in AAA-related deaths within 10 years. 14 From March 2013, the National Health Service (NHS) AAA Screening Programme has been operational, screening all men at the age of 65. 15 In the USA, all men aged 65-75 who have ever smoked are offered screening. [16] [17] [18] The General Practice Research Database (GPRD), now renamed the Clinical Practice Research Database (CPRD), comprises general practitioner medical records, covering over 6.25 million patients from 500 practices in the UK. 19 Stringent data quality standards are applied to anonymised data, 19 including consultation and prescription records, which are stored using computerised Read codes. The main objective of this study is to evaluate the risk of AA in patients with GCA, the exact rate of which has been disputed, and thereby inform the discussion about the need for specific screening.
MATERIALS AND METHODS Study design using the GPRD
A 20-year parallel cohort study (containing GCA and non-GCA patients) was observed from 1 January 1991 to 31 December 2010 for the outcome of AA. Ethics approval was given by the GPRD's Independent Scientific Advisory Committee. Definition of GCA and non-GCA patients GCA patients had an incident Read code for GCA between 1 January 1991 and 31 December 2010, and at least two prescriptions for oral corticosteroids, one within 6 months of the diagnosis, with two prescriptions within 6 months, based on validated methodology.
Linked data
1 GCA patients were aged 40 or above and had at least 12 months of GPRD-defined up-to-standard data before the date of index diagnosis. Patients were excluded if they had a diagnosis of AA recorded before their GCA.
Non-GCA patients were those without a diagnosis of GCA or polymyalgia ever recorded in the GPRD, who had at least 12 months of up-to-standard follow-up recorded before the date of diagnosis of the matched GCA patient. Non-GCA patients were matched at a 6 : 1 ratio on general practitioner practice, year of birth and gender of the case. Patients were excluded if they had a diagnosis of AA recorded before the GCA diagnosis date of the matched patient.
Outcome measures Aortic aneurysm
Clinical opinion ( JCR, AE and RAL) identified GPRD Read codes, ICD-10 and OPCS codes as 'definite' or 'possible' AA, with further categorisation into thoracic, abdominal, thoracoabdominal or unspecified (online supplementary appendix 1).
Death
The GPRD provides surveillance for vital status of subjects and date but not cause of death. This dataset was linked with ONS mortality data to assess whether the cause of death was related to AAs using ICD-10 codes. Patients with AA listed as a cause of death were classed as having an 'AA event' in the competing risk model and not under 'death'.
Potentially confounding cardiovascular risk factors
A history of hyperlipidaemia, hypertension or cardiovascular, cerebrovascular or peripheral vascular disease was identified via Read codes. Prior use of lipid-lowering, antihypertensive and diabetic medications was flagged if treatment codes indicated prescriptions for at least 75% of the year, in any year out of the previous 5 before the diagnosis of GCA or the matched time point in non-GCA patients. Antihypertensive and lipid-lowering medications were considered separate covariates, because of potential protective effects. 20 A history of diabetes was flagged by medical Read codes: a prescription of oral diabetic medications for at least 75% of the year or two or more prescriptions of injectable insulin or insulin needles in any year out of the previous 5. Corticosteroid use was not included as a covariate because all patients diagnosed with GCA are routinely treated with glucocorticosteroids. Smoking and alcohol variables had responses of 'current', 'ex' and 'never'. The body mass index (BMI) variable was the closest recorded before the start of the exposed-to-risk period.
Analysis
GCA patients were 'exposed to risk' of AA from the date of GCA diagnosis to the earliest of the end points: date of death, transfer out (left the study), end of study date, or date of AA diagnosis. Non-GCA patients were exposed to risk from the same date as the corresponding matched GCA patient, with the same end points.
Cumulative incidence function plots stratified by GCA status, gender, smoking status and diabetes were used to describe the probability of AA events over time (see figure 2) and were tested using the log rank test.
Multiple imputation was used to account for the missing values for BMI (28.7%), smoking (13.6%) and alcohol (22.5%) using imputation by chained equations. 21 The algorithm generated 10 imputed datasets, which were compared against the original data using distributional plots and tested for similarity using analysis of variance and the χ 2 test; the datasets were pooled using Rubin's combination rules for analysis. 22 A competing risk model 23 using 'definite AA events in the GPRD' as the outcome (n=384) and death as the competing risk (n=12 011) was used to determine the relative risk (subhazard ratio, SHR) between non-GCA and GCA subjects. Univariate models were described and then a full multivariate model with adjustment for cardiovascular risk factors; age and gender were excluded, as the cohorts were matched. Two-way interaction effects between GCA status and the cardiovascular risk factors (and each other) were also investigated. To avoid overfitting the model, each interaction term was individually added to the initial multivariate model; significant terms (p<0.1) were then used to build the final multivariate model. Sensitivity analyses was performed by replacing the outcome with 'definite AA events in either the GPRD or the HES' and then with 'definite or possible AA event in the GPRD'.
Nested analysis was also performed using any entry of 'definite TAA in the GPRD' as the outcome with all other types of AA outcome removed from the non-GCA and GCA cohorts (along with their corresponding matched subjects). Similarly, the nested analysis was repeated with 'definite AAA in the GPRD' as the outcome. Each cohort was then analysed individually using the same methods, with age and gender now present in the model. All statistical analyses were performed using Stata SE V.12.0.
RESULTS Participants
The flow diagram in figure 1 describes the 6999 patients with GCA and 41 994 matched non-GCA subjects in the analysis.
Descriptive statistics
The GCA cohort had larger proportions of subjects who were ex or current smokers (43.3% vs 36.8%), consumed alcohol (65.0% vs 63.0%), had a previous history of hyperlipidaemia (5.2% vs 4.3%), hypertension (28.7% vs 26.7%), diabetes (9.8% vs 8.7%), cardiovascular disease (9.6% vs 7.5%), cerebrovascular disease (9.0% vs 6.1%) or peripheral vascular disease (2.8% vs 
Death
Within the ONS dataset, 25 552 subjects had matched IDs with the GPRD (n=48 933). Of these, 18 090 did not have a death recorded in either, 5005 contained death values in both with causes listed by ICD-10 codes, 1434 had death recorded in the ONS but not the GPRD, and 1023 had death recorded in the GPRD but not the ONS (sensitivity 0.78, specificity 0.95). The sensitivity and specificity reflect the very low levels of misclassification of death status in the GPRD compared with HES data. AA was not listed as the cause of death in any of the 5005 matched subjects.
Risk of AA in patients with GCA
The risk of AA in subjects with GCA is 1.4% compared with 0.7% in non-GCA subjects, giving a risk ratio of 2.0. The corresponding rates were 2.8/1000 person-years and 1.2/1000 person-years, giving a rate ratio of 2.3. These figures were supported by the competing risk analysis using death as the competing risk.
'Definite AAA GPRD Read codes' were used as the outcome for the primary analysis. The univariate competing risk model compared the GCA cohort with the non-GCA cohort (reference group) to give an unadjusted SHR (95% CI) of 2.11 (1.68 to 2.65), shown in table 2. In the multivariate model, with adjustment for BMI, smoking, alcohol, hyperlipidaemia, lipidlowering medication, hypertension, antihypertensive drugs, diabetes, cardiovascular disease, cerebrovascular disease and peripheral vascular disease, the SHR (95% CI) was 1.92 (1.52 to 2.41); significant predictors were ex-smoker (2.64 (2.03 to 3.43)), current smoker (3.37 (2.61 to 4.37)), previous prescription of antihypertensive drugs (1.57 (1.23 to 2.01)) and history of diabetes (0.32 (0.19 to 0.56)) or cardiovascular disease (1.98 (1.50 to 2.63)). No significant two-way interaction effects were observed between GCA status and the covariates (p<0.1 for all interactions).
i On testing Schoenfeld residuals, the proportionality assumption was not violated.
The first sensitivity analysis used 'definite AA events in either GPRD or the HES database' as the outcome. A total of 20 807 subjects were identified in both databases, with 20 492 being AA free in both databases, 115 having AA in both databases, 72 having AA in GPRD but not HES, and 128 having AA in HES and not GPRD (sensitivity 0.473, specificity 0.996). The SHR (95% CI) in this multivariate model was 1.68 (1.36 to 2.06). In addition, when 'definite or possible AA events' was used in the GPRD as the outcome, the SHR (95% CI) was 1.94 (1.55 to 2.43) (table 2). These sensitivity analyses support the primary analysis.
When the Read code included sufficient description, the sub-type of each AA was identified. In all, 38.8% (149/384) of the total number of AA cases were classified as thoracic or abdominal and the remainder were unspecified. In the nested univariate analysis, the SHR (95% CI) using AAA and TAA as the outcome was 1.63 (1.04 to 2.53) and 6.58 (2.80 to 15.50), respectively. On multivariate analysis using AAA as the outcome, the SHR (95% CI) was 1.51 (0.97 to 2.37); there were insufficient TAA events.
Predictors of AA
On multivariate modelling, gender, smoking and diabetes were significant predictors in the GCA cohort and non-GCA cohorts, with cardiovascular disease and cerebrovascular diseases also predicting AA in the non-GCA group (table 3) . No significant two-way interaction effects were observed between covariates (p<0.1 for all interactions)
ii (table 3) . Cumulative incidence plots also demonstrate differences in the risk of AA when stratified by GCA status, gender, smoking and diabetes (figure 2).
DISCUSSION
This study demonstrates a twofold increased relative risk of AA in patients with GCA, compared with age-, gender-and location-matched controls from the general population of the UK, independent of cardiovascular risk factors. Independent predictors for AA in both GCA and non-GCA cohorts include the male gender and smoking, which is consistent with previous studies. 4 17 24-26 A previous history of diabetes is shown to be protective against developing AA; this has been noted in the general population, 18 27-29 but is the first demonstration in patients with GCA. The pathophysiology of this protective effect may be related to advanced glycation inducing collagen cross-linking and strengthening of the aortic media. 30 Prior use of antihypertensive medications is also associated with subsequent AA in this study, and may be acting as a surrogate for hypertension, as previous authors have found hypertension to be predictive. 3 Patients with GCA are usually considered to have survival rates equivalent to the age-matched population 31 ; however, evidence has been mixed. 32 In our cohort, we found a higher mortality in the GCA cohort; this may be because prior cardiovascular and cerebrovascular disease were more commonly seen in GCA patients.
Because AAs are usually asymptomatic, the main limitation of using the GPRD to define the outcome of AA is that patients are most likely to have been identified incidentally rather than through a systematic screening programme, 4 and this may be a reason for the low incidence of AA seen. The rate of AA in this study is 2.8/1000 person-years in the GCA cohort and 1.2/1000 person-years in the non-GCA cohort, giving a rate ratio of 2.3; this is lower than the rate of AA and/or dissection of 18.9/1000 person-years 3 and 18.7/1000 person-years 2 in two retrospective cohorts. These studies did not account for death as a competing Table 3 Subhazard ratios (95% CI) using the competing risk model for each non-GCA/GCA cohort (imputed data) risk, and are unmatched, and therefore it is possible that they may have overestimated the risk of AA. This study did not, however, select patients on biopsy or American College of Rheumatology classification criteria, and therefore may include patients with milder disease. 2 3 From imaging studies, patients with GCA develop aortic structural damage within 5 years. 33 The median exposure time is 4.3 years, potentially leading to an underestimation of the incidence. A screening programme for patients with GCA has not been recommended, but there is awareness that AAs are more common in this group, 34 and this may lead to increased investigations in GCA patients, potentially introducing bias. There is also a risk that delayed ascertainment of the diagnosis of AA may result in inappropriate inclusion of patients. Although two-thirds of AAs in this study were unspecified as to their type, with multivariate analysis therefore not possible, on univariate analysis the SHR (95% CI) for TAA was 6.58 (2.80 to 15.50), and for AAA 1.63 (1.04 to 2.53), a striking difference, which supports the findings of previous authors. 2 3 6 Glucocorticoids are the standard treatment for GCA 8 ; it was not therefore possible to separate the effect of treatment and disease in this analysis, and their use was not included as a separate covariate, although their use may theoretically play a role in aneurysm development.
A randomised controlled trial to demonstrate benefit of screening in patients with GCA would be the gold standard methodology of answering this research question, but may not be feasible, because of the rarity of events and relatively low overall incidence of GCA. Even in non-GCA patients, over 125 000 men were enrolled in four randomised controlled trials of screening, to demonstrate a significant reduction in AAA-related mortality.
14 There are also aspects of the natural history of AAs that are unknown in patients with GCA, and this may affect the risk-benefit analysis of a screening programmefor example, the rate of progression of aneurysms or the outcome after emergency or elective repair. This study demonstrates a twofold increased risk of AA in patients with GCA, although the limitations mean that quantifying the absolute risk in general, and specifically for sub-types of aneurysm, is not possible at present. Known risk factors for AA in the general population, including male gender, age and hypertension, are also important. This study cannot support a specific screening programme, but GCA should be considered as a risk factor for AA within the range of other known risk factors.
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